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fiOLID THREE-PIECE GOLF BALL 

5 The present invention relates to a solid 

three-piece golf ball having improved rebound 
characteristics and carry distance while maintaining 
adequate spin performance. These properties are 
obtainable by controlling the size of the inner core 
10 and outer layer as well as the specific gravity and 
hardness. 

The carry distance and spin performance of a golf 
ball are very important for the game."'; Although a 

15 solid two-piece ball generally has good rebound 

characteristics and carry distance, the core is 

too hard to provide a good spin performance. On the 
other hand, while a thread wound golf ball generally 
has a good spin performance, the rebound 

20 characteristics and carry distance deteriorate as the 
wound thread is loosened by prolonged use of the ball. 

US patent No. 4,781,383 discloses a solid 
three-piece ball as shown in Fig. 4, which was 

25 obtained by controlling the size and hardness of the 

inner core and the outer layer. This ball has a carry 
distance similar to that achieved by a solid two-piece 
ball and feels similar to a conventional thread wound 
ball. However, this ball has a soft inner core and a 

30 hard outer layer. Therefore, it cannot provide a 
satisfactory carry distance and spin performance. 

The total distance achieved by a golf ball 
includes the carry distance and the run distance. 
35 However, the carry distance is very iroportantk.^nce 

the run distance is not accurate due to the uneyenness 
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of the ground. The carry distance of a golf ball is 
directly influenced by its rebound characteristics. 
Under identical rebound characteristics and 
aerodynamic conditions (dimple characteristics of the 
5 ball), the lifting ability of a ball is improved if 
the spin rate is increased. Therefore, the peak of 
the trajectory gets higher, thereby providing an 
increase in carry distance, as the spin rate increases 
until the spin rate is increased up to about 2500 - 
10 3000 RPM, when the ball is struck by a driver. 

The present invention provides a solid 
three-piece golf ball having superio^r; rebound 
characteristics and carry distance, while maintaining 
15 adequate spin rate. These effects are achieved by 

controlling the sizes, specific gravity and hardness 
of each part of the solid three-piece golf ball. 

In accordance with the present invention there is 
20 provided a solid thrde-piece golf ball comprising a 

core assembly provided by an inner core 1 and an outer 
layer 2 and a cover 3 characterized by the following 
features: 

25 a) the inner core 1 has a diameter in the range 23 - 
35 mm and hardness (Shore D) in the range 30 - 62; 

b) the outer layer 2 has a diameter in the range 36 
- 41 mm and hardness (Shore D) in the range 30 - 

30 56; 

c) the golf ball has a maximum hardness (Shore D) in 
the range of 46 - 62 at the outer site of the 
inner core which is located at the interface 

35 between the inner core 1 and the outer layer 2 of 

the golf ball and the hardness then decreases 
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towards both sides. 
Referring to the drawings:- 



5 rig. 1 Is a secUonal view of a solid three-piece golf bell In 

'accordance wilh Ihe present fnvcnilon. 

Fig. 2 is a sectional view of a first embodiment (type 1) of 
the golf ball according to the present invention. 

10 

Fig. 3 is a sectional view of a second embodiment (type 2) 
of Ihc golf bell according to the present Invenlion*. 

Fig. 4 is a sectional view of the solid Ihree-plece golf ball 
15 according lo the USP 4,781 ,383. 

As shown in Fig» 1, the soUd three-ptece ball according lo 
the present invention comprises an Inner core (l), an outer layer (2) 
covering the Inner core and a cover (3) for protecting the outer layer 

20 

If Ihc surface of the Inner core of Ihe solid two-piece baJl Is 
soft, the difference between the moduli of elasticity of the Inner core 
and the cover Is Increased. This generally tends to cause a reduction 
of rebound coefficient of the ball. 

lfowever» It has been found that Ihe rebound characteristics 
of a sofid Ihree-plece golf baJl can be Improved by controlling the 
hardness distribution In the outer layer and Ihe Inner core In such a 
way that the golf ball has a maximum hardness at the outer site in the 
Inner core as shown In Fig. 1, which Is located at the Interface 
between Ihe Inner core anU the outer, layer of the golf ball, and then 
the hardness decreases from that site both towards the 
outer surface of the outer layer and towards the 
center of the Inner core. It has also been found that 
such a distribution of hardness In the core assembly 
allows a high energy to accumulate at the interface 
region where the hardness is maximum. 
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Therefore, when the solid three-piece golf ball 
according to the present invention is struck by the 
club, the energy of the club face is efficiently 
delivered to the maximum hardness region and 
5 transferred toward the inner core without loss thus 
resulting in a high rebound coefficient. It has been 
observed that the fluctuation of hardness (Shore D) 
within 2, however, does not adversely 

affect the efficient transfer of the energy or spin 
10 performance of the golf ball of the present invention. 

]( bos been found that the golf b.nll according to the present 
invention hos adequate spin performance to provide an optimum 
trnjcctory resulting in an increase of carry distance since the outer 
3^5 layer is softer than the inner core. Furthermore, the golf baU of the 
present invention advantageously provides a- delayed departure of the 
golf ball during the putting. 

The diameter of the inner core of the golf ball according to 
20 the present invention is set to 23 - 35 mm. If the diameter of the 

inner core is less than 23 mm, the diameter of the soft outer layer has 
to be increased and rebound characteristics are adversely affected. On 
the other hand, if the diameter of the inner core exceeds 35 mm, the 
diameter of the outer layer has to be decreased, end feeling would be 
25 adversely affected due to the hard inner core. 

The hardness (Shore D) of the inner core is preferably set in 
the range of 30 - 62. A inner core having a hardness (Shore D) 
less than 30 is too soft to give rebound characteristics necessary for 
30 reaching near the initial velocity limitation 250 ft/sec (+2 * tolerance) 
required by U.S.G.A. end R. k A. If the hardness (Shore D) exceeds 
62, the feeling of the ball is adversely affected. 

The diameter of the outer. layer is set to. 36 - 41 mm. 
35 If it is less than 36 mm, the carry distance will be 
decreased due to the increased thickness of the cover. 
On the other hand, if the diameter of the outer layer is 
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greater than 41 nun, the thickness of the cover will have 
to be decreased thereby adversely affecting the 
durability of the ball. 

5 The hardness (Shore D) of the outer layer is set to 

30 - 56 since if the outer layer has a hardness (Shore D) 
less than 30 it is too soft to provide the rebound 
characteristics necessary for reaching near the Initial 
velocity 250 ft/sec (+2 \ tolerance). if the hardness 
10 (Shore D) exceeds 56, it is difficult to obtain an 
adequate spin performance. 

The hardness (Shore D) of Ihe outer siteMn Ihe Inner core, 
which 5s located near the interface between Ihe inner core and Ihe 
15 outer layer, is set to 46 - 62 because, if Ihe hardness (Shore D) is 
less than 46, it Is not possible to accumulate a high energy, while, if 
Ihe hardness (Shore D) Is greater than 62, the feeling of the ball will 
be adversely affected. 

20 The first embodiment (type 1) shown in Fig. 2 of the present 

invention has the following specification: 



Inner core 



2^ Diameter (mm): 13 - 35 

Specific gravity: 1.15 - 1.5 
Hardness (Shore D): 30 - 62 

Outer layer 

30 

Diameter (mm): 36 - 41 
Specific gravity: 1.0 - 1.2 
Hardness (Shore D): 30 - 56 



35 
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The ou(cr site in Ihc Inner cotp 
Hardness (Shore D): 46 - 62 

The solid Ihrcc-piece ball of this type provides a superior 
carry disloncc even if Ihe cover (3a) is made of hard resin since the 
outer layer (2a) is soft and the specific gravity of the inner core is 
greater thnn that of the outer layer, which provides an adequate spin 
performance, when the ball is struck by club, allowing an optimum 
trnjcctory and a superior carry distance of the ball. This type of golf 
ball especially provides a keen bock spin when the ball is struck by a 
short iron. 



The second embodiment of the present Invention as shown in 
Fig. 3 has the following specification. 



Inner core 



Diameter (mm): 23 - 35 
Specific gravity: 1.0 - 1.2 
Hardness (Shore D): 30 - 62 

Outer layer 



Diameter (mm): 36 - 41 
Specific gravity: 1.15 - 1.8 
Hardness (Shore D): 30 - 56 

The outer site in the inner core 

Hardness (Shore D): 46 - 62 

Generally, the carry distance is decreased if the specific 
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gravity of the outer layer Is greater than that of the 
Inner core. However, the solid three-piece ball having 
the above specification provides a superior carry 
distance since the outer layer (2b) is soft and an 
5 adeq^iate spin performance allows an optimun. trajectory to 
be formed, although the cover (3b) Is n^ade of hard 
resin. This type of golf ball especially provides a 
trajectory which is less affected by the wind. 

20 ^^^^ above (wo lypes of soh'd (hrce-plcce golf ball has 

lis own charecleristlcs, and a golfer may choose any type of golf baU 
depending on Ihe pecuHacity of his swing, such as, e.g., club head 
, speed, ability of producing spin, and angle of launching the ball. 

15 The inner core and (he outer laye^r comprises a rubber base, 

co-cross Unking agent, filler, polymerization initiator, antioxidant and 
the like. As a base rubber, Cis -1,4 polybutadiene alone may be 
used. If necessary, natural rubber, isoprene rubber, and/or 
styrene-buladiene rubber may be optionally added to 1, 4 - 

20 polybutadiene. 



The co-cross linklncf agent comprises a compound 
selected from -ethylenlcally unsaturated 

carboxylic acids/and metal salts thereof. Trimethylol 
25 propane trimethacrylate may be optionally added. 
Examples of J^P -ethylenlcally unsaturated 

carboxylic acids are acrylic acid and methacrylic acid. 
Metal sats thereof -include zinc diacrylate, zinc 
dlmethacrylate, and the like. 

30 

The amount of co-cross linking agent used in the inner core 
is 35 • 50 parts (weight) for 100 parts (weight) of (he base rubber, 
while the amount of co-cross Unking agent used in the outer layer is 25 
- 40 parts .(weight) . 



35 
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Fillers which can be used include metal oxides, such 
as, lead oxide, iron oxide as well as barium sulfate, 
silica, calcium carbonate and the like. If acrylic acid 
or Dethacrylic acid is used, the preferred filler is zinc 
oxide. The amount of the filler is not limited although 
it usually depends on the specific gravity or hardness of 
the inner core or the outer layer to be prepared. The 
preferred amount of the filler is 1 - 50 parts (weight) 
and of the base rubber is 100 parts (weight). 



10 



The polymerization initiator includes an organic peroxide. 

«„5Mo N-bu(vl-4. 4'-bis (I - butylpcroxy) 
such es, dicumyl peroxide. N ouiyi i . i uia v 

valerotc. bis (t - butylpcroxy isopropyl) benzene, l-l'-bis (1 - 
butylpcroxy)-3. 3. 5 - trimcthyl cyclohexane. The nmounl of the 
15 initiator is 0.2-3.0 parts (weight) of the base rubber is 100 
(weight) . 

If necessary, a coagent such as H-H • -m- -phenelene 
dimaleimide and the like may be optionally used. 

An antioxidizing agent, such as, 2-2'-methylene-bJs 
20 (4-melhyl-6-t-butylphenol) and the like may be added. The amount Is 
preferably 0.5 - 1.5 parts (weight) of 100 parts (weight) of the base 
rubber. 

The process for preparing the inner core comprises 
25 mixing the above components by a conventional mixing 
apparatus, such as an Internal mixer, two roll mill or 
the like and then subjecting the composition to 
compression or injection molding. 

The compression or injection molding is an important 
step in the above process, in which the cross linking 
reaction by the co-cross linking agent takes place with 
the aid of the initiator under a given temperature and 
time so as to give the desired hardness distribution in 
35 the inner core. 



30 



The hardness distribution to be obtained Is 
influenced by the co-cross linking agents and initiators 
as well as by the temperature and tine used for curing. 



5 For each co-cross linking agenl» (here is en iiiilialor suileble 

for that co-cross linking agent. The amount of the cross Unking agent 
may be minimized without adversely affecting the hardness 
distribution when the cross linking reaction is carried 
out at the reaction temperature, which is 10^ - so^^c ^ 
10 higher than the decomposition temperature of the 
initiator used. 

If the cross linking reaction takes place at a 
temperature lower than the above, the distribution of 
15 hardness suitable for the present invention cannot be 
obtained, while, at a temperature higher than the above, 
a uniform distribution of hardness cannot be obtained. 

If the cross linking agent is highly volatile, an 
20 initiator with a relatively low decomposition temperature 
may preferably be used. While the co-cross linking agent 
is not highly volatile, an initiator having a higher 
decomposition temperature may preferably be used. 

25 If the cross linking reaction takes place at a 

higher temperature, the rubber molecules are broken 
resulting In remarkable degradation of physical 
properties of the rubber, such as, the resilience and 
durability of the rubber, due to severe micro Brown 

30 motion and nascent oxygen. Therefore, It is necessary to 
carry out the cross linking reaction with the aid of an 
initiator having a decomposition temperature which is 
qo „ 50^0 lower than the boiling point of the 
co-cross linking agent, Qst /6 -ethylenically 

35 unsaturated carboxylic acid. / 
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When an initiator having a relatively low decomposition 
Icmperature is used, it is necessary to carry oul the cross linking 
reaction at the temperature which is 20** - 50*^C higher than the 
decomposition temperature for a relatively long lime, such as, 10 - 40 
5 minutes so as to obtain an optimum hardness distribution without 
adversely affecting other physical properties. 

On the other hand, if the initiator with a relatively high 
decomposition temperature is employed, it is necessary to carry out the 
10 cross linkine reaction at ^ temperature which is 10*» - 40°C hieher 
than the decomposition temperature for a relatively short 
period of time, such as/ 5-25 minutes. 

According to the present invention, the cross 
15 linking takes place and the curing of the rubber proceeds 
when the starting mixture is subjected to heat and 
pressure predetermined depending on the initiator used. 
When the heat is transferred through the mixture and 
rubber Is expanded, the co-cross linking agent used is 
20 partially evaporated near the metal oxides or salts and 
the co-cross linking agent in gaseous form migrates from 
the inner part of the inner core (1) towards the outer 
part of the inner core carrying out the cross linking 
reaction of the rubber with the aid of the initiator. 
25 Therefore, the cross linking reaction is more active near 
the outer region of the inner core (1) than at the centre 
region of the inner core (1) thus resulting in a higher 
hardness near the outer surface than at the inner region 
of the core (1) . 

30 

When the starting mixture is expanded by heating, 
the mold will be opened unless the mold is prevented from 
being opened by adding pressure. 

35 Acrylic acid or methacrylic acid form a high 

molecular weight polymer in the form of matrix having a 
metal nucleus. The uniformity of cis bonding or cross 
linking depends on the uniformity of the starting mixture 
and the heat transfer. 
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Even after the cross linking is completed, the mixture is 
continuously expanded by heat until the whole process is completed. It 
has been found that, due to the pressure added to prevent the opening 
of the mold, the most dense layers are formed In the region, which is 
5 near to the cavity of the mold, namely, the outmost region of the inner 
core, thus resulting in a gradual increase of the hardness from the 
centre of the inner core towards the outer part of the inner core 
forming a maximum hardness site near the interface. 

10 The molecular chains in the most dense layers of the high 

molecular product are compressed like springs due to the pressure 
caused by the expansion of the mixture. Therefore, it is possible to 
store a higher energy. 



15 The outer layer (2) can be prepared by a process similar to that 

for the inner core (1), although the compression molding as described 
in the Example is preferred. However, it is important to prevent the 
outer surface of the outer layer from being too hard so as to obtain the 
desired hardness distribution as required in the present invention. 

However, it is preferred that the crosslinking of the 
two-piece solid inner core assembly is carried out at a lower 
temperature than that for the crosslinking of the inner core 
to obtain the desired hardness distribution for the present 
invention • 

The starting mixture for preparing the outer layer as well as the 
solid core is also expanded when it is subjected to heating. The 
expansion in the outer layer is greater than that in the inner core thus 
resulting in the most dense molecular chains being formed near the 
30 interface region between the inner surface of the outer layer and 
surface of the inner core. 



Furthermore, a part of the cross linking agent included in the 
starting mixture for the outer layer evaporates and the gaseous 
35 components formed penetrate into the surface of the inner core 
rendering a strong binding of the outer layer with the inner core. 
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Tlic rcs\»llliig core osscmbly, which consists of Ihc oulcr 
loyor ond Die inner core, hos such a hardness dislribulion lhal Ihe 
peek of hflrdncss appears at Ihe outer site in the Inner core, win'ch is 
near the interface between the inner core and the outer layer and that tho 
5 hnrdness is gradually decreased toward both sides. 

When the ball is struck, it is presumed that the 
energy given by the club face is efficiently delivered 
and stored at the site where the hardness is the 
10 highest. Then, the energy stored is released toward the 
inside of the Inner core without loss thus resulting in a 
high rebound coefficient. 

The core assembly has a diameter of 36 - 4i nun and a 
15 hardness (Shore D) of 30 - 62. As me^otioned earlier, two 
types of core assembly are available. 

The core assembly is then covered with a resin 
having a good impact and weather resistance of 0.9 - 2.6 
20 n^ra in thickness. The resin may contain inorganic filler 
pigment and etc. 

As a cover material, balata rubber or ionomer resin 
(such as "Surlyn" resin marketed by Du Pont Co.) or 
25 polyurethane or the like is used, although the ionomer 
resins are preferred. 

The covering is carried out by an injection or 
compression molding. Finally, the cover is painted to 
30 obtain the solid three-piece ball according to the 
present invention. 

As described above, according to the present 
invention, it is possible to obtain a solid three-piece 
35 golf ball of the type (1) or (2) having excellent 
rebound characteristics and carry distance as well as a 
high spin performance by adjusting the size and specific 
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forming the core assembly. Pieces 

5 The solid Ihree-plece golf ball of the type (1) or (2) 

according fo the present invention provides an excellent carry distance 
end a belter control of the ball compared with a ball having a long 
roU distance since the golf ball according to the present Invention wUI 
be least influenced by the ground condition of the field. The golf ball 
10 according to the present invention also has an adcqviatc spin 
performance. 

Furthermore, it is possible to control the trajectory of the 
golf baJl of type (1) or (2) using the different moment of inertia of 
,5 each ball. Therefore, a golfer may select . a suitable ball depending on 
his swing characteristics, such as. his club head speed, spinning 
abiUty and launching angle. 



Example 1 



20 



A starting mixture was prepared, which contained Cis - 1 
i polybuladiene rubber (base rubber), zinc diacrylale (co-cross Unking 
agent), zinc oxide (filler), dicumyl peroxide (initiator). 2, 2' - 
methylene - bis (4 - methyl - 6 - t - butyl phenol) (antioxidant) in the 
25 amounts as indicated in the Table 1. 

The mixture was mixed and kneaded by using a two roll mill 
for 30 minutes and pressure-molded at 165«>C for 10 minutes 'to prepare 
a solid Inner core. 



The inner core was covered by hemispherical premold outer 
layers in a mold and the resultant product was cured by heating at 
150 C for 20 minutes to obtain a two-piece solid core assembly. This 
core assembly was then covered by ionomer resin with same dirrple 
design by an injection molding and then painted to provide a solid 
three-piece golf ball according to the present invention. 



A solid Iwo-piccc golf ball was nlso prcpercd exoclly in some 
woy as tiio above. 



5 24 of each type of golf ball were prepared which 

include the two types of solid three-piece golf ball (1, 
2 in the Table 1) and the solid two-piece golf ball (3 in 
the Table 1). The golf balls were tested by a swing 
robot at a U.S. testing organization on the same day. 
10 The results of the tests are tabulated in the Table 1- 

The test club used was 9.5° Driver Steel S. Shaft made by 
Toylor Mode Golf Co. and the head speed, was 108 miles/hour. The 
trolectory was measured through a wire screen within one '■^^j'^q;"'" 
Jnciemcnls. The range was 0 to 10. The number was recorded at the 

point which the ball reached its apex... These numbers are for 
reference only to other balls in the test. 
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Example 2 

The starting mixture was prepared, which contained Cis - 1. 
4 polybutadiene rubber (rubber). linc dlacrylate (co-cross linking 
agent), zinc oxide (filler), dicumyl peroxide. N - butyl - 4. <' - bis (t 

- butylperoxy) valerate (initiator). 2. 2' - methylene - bis (4 - methyl 

- 6 - t - butyl phenol) (antioxidant) in the amounts as Indicated In the. 
Table 2. 

Solid three-piece balls were prepared with the process of the 
Example 1. 

30 

The solid three-piece balls (two types) according to the 
present invention were prepared and tested (1 and 2 in Table 2). 

For comparison tests, three-piece solid golf balls commercially 
35 available (3 in Table 2) and thread wound balls (4 in Table 2) were 
also tested. 24 balls for each type of golf balls were used and tested 
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under same method and conditions on the same day. The results of the 
tests ere tabulated In Table 2. 

5 From the Tables I and 2, it has been clearly proved that the 

solid three-piece golf ball according to the present Invention has an 
excellent rebound characteristics, carry distance and an adequate spin 
performance, 

10 
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Composition of cover 
(parts by wtUht) 
Surly 8940'* rjdt by Du Font 
Tltanlun dlo^ldt 



Inner Cort 
Dlanttcr (pa) 

Specific grivliy 



Outer Cort 

Outer dlonete r (m) 

Weight of core asseobly(|r) 



Cover 

Dl*neier of flneshcd b*ll(n«) 
Veliht of finished bjlUgr) 



Distribution of hardnes» ' 
(Shore D) 
Center 

Slto 5iwa *p3Tt froa center 

Sltt lOcJi *pati froB center 

Site Uwi jpjrt froa center 

Site I5«wa »p«rt fro3» center 

Site 16mm jpart froa center 

Sltt ISnn jpart from center 



1 00 I 00 

3 3 
0.5 0.5 
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45.3 



100 100 
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Coptposit Ion of cover 
(parts by velfcht) 



Outer CoTt 



Cover 



Distribution of hiidnest 
(Shore D) 
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(0 
12.1 
3 

o.'A 



100 
3.1 



36. 7 
35. 3 



4^.7 
45.3 



30 
47 
49 
49 

49 

55 
60 



U U 
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u 



Carry distance (yds) 

Total dlitance(yds) 

Vcloclty(ft/scc) 

Trajccloiy 



242. fiO 245.23 

211.61 269.38 

235.76 23l.7fl 

5. 54 5. 52 
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267 .47 
234.4ft 
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